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SUMMARY 



Problem . ' ' ^ " 

y The objective 0/ this effort was to investigate the utility of using an A/F37A-T4G T-37 flight 
simulator within the context of Air Force Undergraduate Pilot Training (UPTJ. 

Approach ^ , ^ * . *^ « * 

Groups of UPT students were given basic contact and instrument training usin^ special instructional 
J techniques in theT-4G(in later phases in the conventional T-4 also) and then allowed to complete training' 
in the T-S? advancing on a proficiency basis. Syllabus length for simulator students was similar to 
conventional length. • ' •* 

Results ' V / 

Evaluation was conTparison of *tfie flying hours used by T-4G/T-4 students to usual syllabus 
requirements. Simulator students saved an average of three aircraft hours in basic <;ontact and an average of 
9.3 hours in instruments. Analysis of total trials on each maneuver by type of training device indicates that 
a much greater percentage of the total practice ^rials was conducted in the ground trainer during instrument 
training tlian during contact training. An analysis of the percentage of practice trials failed in each device 
suggests that more practice in the trainer on advanced instrument maneuvers and most contact maneuvers 
would have resulted in more efficient transfer of training. 

Condusions ^ * 0 • 

fhe A/F37A-T4G is an effective adjunct in T-37 UPT, particularly in instrument training. The^ 
conventional T-4, used with special training techniques, can reduce flying time required in T-37 UPT. 
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T-4G SIMULATOR AND T-.4 GROUND TRAINING D^VICIZS IN USAF 
. . UNDERGRADUATE PILOT TRAINING . 



. ' I. BACKGROUlSD / s> 

In early 1972, Fly iiig Training Division, Air 
Force Human Resources Laboratory (AFHRL) 
(AFSC), Williams AFB, Arizona, supported b> "the 
82nd Plying Training Wing, Air Training Com- 
mand (A TC), Williams AFB, Arizona undertook a 
study to determine to what extent a ground-based 
T-37 simulator (A/F37A-T4G, hereafter referred 
to as T-4G) (detaile^d description of the T-4G, 
Appendix A)' with modest fidelity, two degrees of 
motion, and a narrow angle film source visual 
system could be used to reduce T-37 aircraft flying 
tunc in undergraduate pilot training (UPT). The, 
objective of this study was later expanded to 
include a comparison of tiie rcTative effectiveness 
of this dcvfce with tlie existing nonvisual non- 
{notion UPT iiistrument and procedures trainer 
(T-4). , 

The priqiai^ objective ot the study rrecessitated 
using the T-4G to train students within the con^* 
text-»of UHr. A fecial syllabus was constructed 
for this purpose. Samples of students from thre^ 
consecutive UPT^classes were subjects (Sk) for this 
study; thus, the study was* conducted in three 
parts (referred to as Phases I, IF and III) over a 
twelve montli period. Phase I Ss used the T-4G 
only; Phases II and III Ss used the T-4G for con- 
tact flight training, but were divided between T-4G 
and T4 trainers for instrument training. ■^^'^ 

This report .summarizes training results 
obtained for all tiiree phase^. More detail on 
construction of the spec:ial syllabus, description of 
instructional strategies, and trainer capabilities is 
provided in two reports published earlier (Ru^, 
Smitii, &. Woodruff,. 1974, Wpudruff, Smitii, &^ 
Morris, 1974). 



11. PROCFDURE 

, Consideration of T-4^G c^abilitiCs suggested its 
use should be limited to the basic contacl^nd 
instrument training segments of the T-37 UPT 
syllabus; aerobatics, formation, navigation (VFR 
pilotage) and cross-country were judged to be 
inappropriate for T-4G training. 

Comparison Techniques 

To provide for comparison witli tlie regular 
syllabus, Ss usingythe new syllabus began in the 



'{-4G and comjJleted training in the T'37. In the 
T*37, Ss were advanc'ed as tliey achiev^ed profi- 
ciency on maneuvers, tr,iining hours were not 
.frozen. A conipari§on was ni,ide between aircraft 
^ hours required using tlie new s>llabuj> versus tiie 
regular schedule an(| between attained \Hass scores. 

Subjects 

Thirty-two student pilots who had little or no 
flying experience were selected at random from 
volunteers for this study; eiglit from class 7306, 
twelve from class 7309, and twelve from chiss 
7403 Dunng the course of training'bleveii 5s were 
lost, two self-initiated elimination, one manifest-ed 
anxiety in tlie air, four were medically dis- 
qualified, Uuee were deficient in living ability, and 
one Mile J »i<j<(]eniicn1ly Twenty -j^ioc .V$ c<^»'>plcted 
the program six from class 7306, seven troui clasT 
7309, and eiglit from class 7403. 



Instructor Pilo.ts (IPs) 

Jlie first group oC IPs were , selected from 
volunteers who were regularly assigned to Williams 
AFB. These IPs ^vere iM^&bly experienced and, 
before T-4G instruction began, assisted in tlie 
development of the training syllabus, performance 
recording procedures, instructional strategics, and 
performance assessment critena. In additioil, they 
received a thorougli indoctrination in the theory 
and opeAtion of simulators. Hew several sOrties in 
the left seat of the T-^l aircraft for fainihari/ation 
with the 'student's visual environment and 
pnjcti^d in^i. ' ! i.mJi cuhci in I'lO 1-40 lo 
JcVc Tip an J rehne lustrui^tiunal tccliaiqucb. 
BoLauso of IP tumuvor and the use of mure 4S's m 
Phases 11 and III, it was ncLC^ar^ to use additional 
IPs, some of whom were much less experienced 
than those used in Pha§p I. Despite tins Jack of 
oxperience and because no sylhibu.s or instruc- 
tional strategy development time was loquired. it 
was pbssUMe to shorten the Icngtii of the induct n- , 
natu)n period Lonsidcrabl> . Under these 
conditions, 10 to 12 training hout^ per IP provided 
sufficient orientation. 

Training Strategies ^ . * ^ 

The standard UPT syllabus provides all students 
a scheduled number of hours in T-37 aircraft and 
T-4 instrument and procedures trainers. One or 
two trainer hours are scheduled prior to each air- 
craft nde 'during instrument training. Aimien 



instructors are used in the grouncf trainers except 
for procedures training. The standard student/IP 
ratio is on the order of S.f and IPs perform 
numerous additional duties ^essent.ial lor the 
' conduct of flight training operations 

To conduct this study, these coi^ventlonal 
procedures were altered. The more significant 
changes were: 

1. Ss progressed on a proficiency basis in the 
aircraft. 

^ 2. T-4G/T4 instruction was given in blocks. ^ 
The relative effectiveness of integrated Waining 
(i.e.,. th^ normal practice of two periods in a 
ground device followed by an aircraft period) 
versus block training (i.e., ail training in a ground 
device followed by all aircraft) was not a research 
issue in this study; block training was used because, 
it facilitated scheduling control and data com- 
parison, and ensured that no S practiced a 
maneuver in the T-37 before he learned it'in a 
ground trainer. 

'/ • 

3. IPs were used in all ground device training 

since only a pilot could insure that a S possessed 
the skills necessary to perform maneuver's success,- 
fuUy oh his first trial in the aircraft. In addition, 
this procedure permitted the IP to become knowl- 
•^edgeable about his strengths and to redistribute 
practice time to areas of weakness, it' also {Pro- 
moted IP confidence necessary to permit a 5 tq fly 
complete maneuvers^e first time he was airborne. 

4. 'n^5/1P ratio of 1:1 was used to reduce 
instructoMpad thereby providing him additional 
time to cope with the use of novel equipment 
capabilities, the application of training practices 
different from the existing program aijd to^ 
function as a training rnanager. In addition, 
instructors were relieved fronv most of their 
additional duties. 

5. A special syllabus of training was written 
for, the T-4G. The syllabus incorporated modem 
concepts of the systems approach to training and 
programmed'learning^ in orde; to facilitate student 
learning. 

Treatment , % 

Ss froni.all three classes received essentially the 
same treatment. The batched sequence of instruc- ^ 
tipn was: (a) basic contact in the T-4G, (b) basic 
*^6nfact in the T-37, (c) instruments in the 
iimulat6r, and (d) instruments in the T-37. 
Contact and instruments were blocked separately . 
to enable 5s to learn contact maneuvers, teachable 



only in the T-37, before beginning instrument 
training as well 'as to maximize learning in the 
sin\jilator. To insure completion of T.-37 training 
by the scheduled graduation date, a maximum 
number of training days was designated for each 
simulator block; 15 days (22 training periods) for 
.contact training, and 12 days (17 perio4§) for 
instruments. Figure I is a flow chart which 
facilitates .comparison between the conventional 
ATC syllabus (AT.C, 1971) and the experimental 
training schedule used in. this pryect. These 
comparison are .by training day, mecna u^d,'and 
category of learning objectives. 

Upon entering the T-37 program, 5s received a' 
block of T-4G Contact sorties followed by T-37 
contact sorties leading to solo and the nudphase 
contact flight check. When ju^iged . ready, 5s 
- received their midphase check regardless ^^f the 
number of flying hours completed. Following 
successful completion of this check, 5s returned to 
the simulator for instrument training in. which 
similar procedures were used. ^ ♦ 

IlL CONTACT FLIGHT TRAINING 

Training Procedure * ^ 

All 5s began their training with a block of 
contact instruction in the T-4G using the simulator 
syllabus. This training included some composite 
instrument/contact training since the literature 
indicates that learning instrument flight skills first , 
improves efficiency in leaVning contact flight skills 
(Ritchie ^ Han'fes, 1964). Procedures training and 
academics were unchanged^ from the regular 
syllabus. , ' 

Following T4G contact instruction, 5s flew the 
T-37 where they were assessed for proficiency on 
skills- learned in the T-4G, received additional | 
training on tasks which required more practi;:e, * 
and learned other tasks not taught in the T-4G; 
e.g., the traffic pattern. Duriog* this training, IPs 
were encouraged to l)ring their 5s back to the 
T-4G if they believed t\ns would be of benefit. 

Tajjle 1 provides a list of simulator contact 
maneuvers/laming objectives included in- the 
original experimental syllabus. All maneuvers 
shown were taught to 5s in Phase 1. 5s in sub- 
sequent pha<«s used a slightly altered syllabus 
wherein changes were made to conserve T-4G 
time and reduce studexit load. First, alktraining in 
emergency procedures was eliminated. Second, 
practice repetitions on composite/ tasks and 
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' • Vim^e I. Comparison of experimental^nd regular UPT syllabi flow l)y day, perilpd, device and^ype 

training. 



Table L Training Objectives/Maneuvers Taught in Contact ^ 
Training Using the T-4G<Visual System 



Scene Used 



Emergency Procedures 
Jl/l Aborted TO 

• K One eng failure on TO 

Two cjig faUurc on TO 
Low altitud'c restart 
f One crjg apch ^ ^ 
Hydraulic failure ^ 

Basic Aircraft Maneuvers 
- Slow flight - 

. Takcroff 

Straight-in touch and go 
» Go-around ^ 

TO climb 
Landing 

- •* ' Traf pat stall _t 



T 

F 
F 
f 

F&S 
F 

FA"? 

\ 

F^ 

F 

F 

F 

^S 



Fundamental A/C Control 
Control response 
Trim 

Straiglit and level 
Pitch, bank and power • 
CAS straight and LVL' 
. CASCLandDST 
CAS ^Lturn 
CAS'DST turn 
Level off s • ^ • 
Level turns 
Chtingc of A/S 
Steep turfis « 
Traf pat steep turns 



jScene Used' 



s". 

s? 

S&F 



/ Note, - Symbol Definitions. F = film source, S = sky inodc^TO = takeoff, apch = approach, C'AS = constant airspeed, 

' |,VL = lev1!l; CL = climb; DST= descent; and A/S = airspeed. ■ " ' • 



^Composite contskctand instrument instruction used. 



I' 



er|c '"^y^ ' 



\7 



• * * a', * ' 



'landings Nvere limited to spcqfiod'','maximum 
amounts., Altlipugh such trajnin^ was ^ta^ly of 
value, neither emergen^ [i^rbceklufes nor 
, composite tasks were included .in thatT'3t^^iiid- 
phase co^t:ict checkride and, therefore, ^\i}^:not 
contribute directly' to a reduction in aircraft flyiifg . 
"hours- required, the' primary objective of this" 
study. ''¥.mergency procedures^ were .included 
originally 4o demonstrate the utility of the T4G 
buf were discontinued when it was determined 
that this^longc'f '^syllabus tended to overfoad the 
'.siudtJnt ^>c]fedule. Simulator landings wore limited 
*-tt\-5t'raiglit-in pat,terns because this visual system 
HlcUi of vieW- (-44'' -'X- ''28^% did-jiot .di^ljy 
"perr|>heral cues necessary for ovefluiad.pat\c.rns. 
'-Practice rrfi stiafiilH-in landmjis. nf ih'e .^mmlator- 
was of limited value since landings wTjre practiced 
frequently while learning the traffic pattern in .the. 
T-37. 

Results ^ * 

Tabic 2 lists average T4G and T-37 hours used 
and b4\ed b> UPT classes. The amount .pf .T4G 
^ t'rainmg tlm(* used m Phase K (Table 2) was reduced 
by mpre than. 25% for Phases II and Ilf. This 
reduction in T^G.Jime did*not*cause'dGg,radation 
in training efficiency^ as shown by comparing 
' aircraft flying hours §av(Jd. for "Phases I and II;?.e.,' 
^J.OIiours vs 5.1 hoursT^/espeCtively. Tabl"e'2 also 
shows that Phase WiSs saved an itvejage of only 3 



ruble 2. ^Average Hours Per 
Student Used and Saved in UPT 
Contact Flight Trairfing Using 
a Ti4G Trainer and T-37 Aircraft 



Class 




T'4G trainer 
used 


T-37 atrcraf| 


Number 




Used 


Saved 


7306 




169 


23.2 




7609 


7 • 


11 8 


25.3 


5.1 


7403 


8 


■ 12-9 


27.0 


.3 


Summary 


21/ 


^ I3f7 


25.0 


3.0^ 



Note. — Suinnicd aircraft hours used and saved equals 
average hours per student for respective control group. Raw 
data pc"r student is provided in .^ppcndi:^B. 

**Rcprescnts 1Q% saving^ in contact flight hours over 
current pro-am 



}'■■■ 



aircraft hours (1%).. This significant difference 
from rye two previous, groups ^resulted from 
untimely bad y^ather combined with the rigidity 
inherenjt' in thq^ ,{^locked training approach. Poor 
flying weather forced delays which interferred 
^with continuity and as a result, more aircraft 
^ refresher training was required. 



IV. INSTRUMENT FLIGHT TRAINING 
Training Procedure 

J Ss did not receive any instrument training 
* ^.(ex*c6gt* forMi^itial 'composite practice) until the 
- - midphase'CxjSttict check yas passed. The 5s, then 
.-7- jr^urned to, the simulator, for training. on the 26 
instrument maJieuvers which could be taught in 
Xrainers* two maneuvers^ wing over and aileron roll 
were t^liglu only in the aii'cr^jft. ^After finishing 
simulator training,>the 5 and his IP fiew the T-37 
uhtii the S was ready -for his instrument check. 
Table 3 projgcj^s a list of simulator maneuvers/ 
learning objecTives included in instrOment training. 

During Phase I it was decided, that students 
would benefi^l from increased instruction in the 
areas of VOR and GGA. therefore, the number of 
permissible simulator sorties was increased by five 
for class 7403. 

Preliminary inspection . of results, chained 
. during- Phase I, indicated a high probability of 
achieving significant sayings in aircraft hours 
during instrument training, and it appeared worth- 
while to determine what portipn of ^hose savings ■ 
coiild be attributed to the training 'device versus 
the revised training methodologies and syllabus. 
To piovidc insight into this area of interest, the 
treatment of Phase II and III Ss was changed: 
approximately half of the .^s for these phases were 
giv^ instrument trafhing'in the^T-4G and the 
remainder ^ we re^rtii 11^ d m the T-4. Since the T-4G 
and T4 trainer^ wer<^ identical with respect to 
cockpit I'lnd instrument displays,, and because the 
T-4G visual 's^ystem contributed only in a* 
supplementary role to instrument training (low 
Visibility approaches are not a part of the conven- 
tional T-37 insyiiment syllabus), the only 
remaining difference between the two devices was 
the T-4G motion system. By conducting half the 
'Ss through each device using the same syllabus and 
^ treatment, it was possible to estimate savings 



/ 



Table 3. Learning Objectives/Maneuvers Taught in T-37 
. Instrument Training Phase of UPT 



Review ; 

Straight and level^ 

Change of A/S 

CAS,CLandDST^ 

LevelOff^ . 
« 30° bank turn to HDG^ 

Basic inftrumepfs 
ITO^ 
TOCL 
Vertif^al S 
Rate DST | 
Unusual attiludes 
Steep turns 
Confidence maneuvers 

yOR usage 

Equip.uhdcrstanding/operation 

•Hojning ' 

Intercepts 
' Departures and approaches 

Holding 



Radar ^ 
Surveillafice APCH toJLNDG 
Precision APCH to LNDG^ 

Mission Profile 
ITO and IFR departure . 
'All check items 
Procedures 
Radio calls 
Straight and level 
Change of A/S 
CAS CL and DST ■ 
Turns toljeadings 
Steep turns ! 
Unusual Jttitudes • . • 
Vertical S ; ; ' 

' RMI APCH to PHX VOR 
Noxtonliolding and pehtralion 
. Low and missed APCH^ 
Radar and missed APCH^ " 

Instrument checl^ ride fevjew^^ 



No^te. — Symbol definitions: A/S = airspeed; CL = climb; DST = descent; HDG = hcadingvITO = 
instrunxent takeoff; LNDG = bnding; CA^ =; constant airspeed; and; APCH = approach. 

Visual presentation used at times to enable student to compare attitude instrumcrtt indications 
* with outside view. " ' - 

Visiial presentation used for bnding after breakout. 

crosswinds, ceilmg^and visibility used for realism. 



/ 



/ 



* attributable to special hanfllirtg^^T^, a'nd'reyised 
sy^llabus VS T4 and conventional syllabus) ^and 
contributions of the T4G motion syslerns"X'^-4G . 
VS T'4 performance using the same syllabus^il ^ 

Results 

5s (N = 21-) who successfully complete(Hns 
ment training with 't-AG or T4 .trafliingKised an 
average of 9.4 fewer flying hoursX4 5%) than did' 
their classmates in the regular ptograrn. These ^ 

^savings ^Nve re achieved using Virfying amounts^Qf':! ^. 

^simulator training; however^ ia' all cases' simulai^r 



p V. MANEUVER AJ^ALYSIS ■ ^. " 

- \' . • 

During thfe course of each dual ttaifting sVirtic\ . 
whetherMn„ the simulator or m the ^aircraft, hSs 
pracficed^arioju's m^dcuvers undey the guidance of 
^he jPs. J^ing'^V/Spedally^ de|ig^ IPs- 
je<?^6rded^^nd-.^scoft^^ on each 

'•man^imr^ Thus, at .(he end of'^frairung a complete ' 
n>CordVof all du4 JiJ^euVer.p/actice rep^tionsjn 
/ oodr siipufelors anif ajrtraft w^s availaBl,c"for each" 
parti'cijiating , 5./' An **analysis of these records 
provides insight' into. the Utilizajion- and pffective- 
•fte^ of T-4(5; and .^-4 tcaln^isr. Sinqe Ss ^er«^ 



time was less than that^used in the conventional - ' : j * . yi<'-.i^ rr u^'r^iJ 

. pxogran,. T4G 5s saved'd averagcof 10.1 aircraft, . S'g^^iSlSl^^^ 

- ' nV%/•)•«<a)|4if^^t*1/^rJ r^/vu; ^/vr . ^qq^ m^nBXlVer 

in the 




the T4 ij not statistically,si^frif)eant. 



I 



' • it 



■ * ' * Table' 4'. Average Hours Per StudehtUsed and Saved in UPT 
. Instrument Flight Training Using T-4G and T4 Trainers and T-37 Aircraft 



-* Class 




T-4G 


. t.37 Aircraft 




T-37 Aircraft 


'Number 

i 


n 







Saved 


Used 


Used 


Saved 




















^6 ; 


14.9 


.-^ 9.7 ' 


U'.l 








^7309 ' \ 


4 : 


16.7 • 


11.4 ^ 


• 9.4 










'3 ' 








• ^ 19.4 


12.8'' 


8.0 




4 ' 


22.2 


.11.8 


9.2 










. 4 








21.4 


12.8 




SupiiTiary 


14. 


17.5 . 


10.8 


10.1* 








7. 








20.6 


12.8 


' 8.1^ 



^ Note. — Summed auaafi hours used and save'd equals average hours per student for respec^iW controi 

'".^data by student is proy)d?d m Appendix B» ' „ ' 



PJcpresents*a'48% savings in aircraft hours normally used in instrument training. 
Represents a 3^% savings in aircraft hours ^normally uspd'fcir instrument training. 



oup. Raw 



V ^ ' ^ueuyer repe^tion data were, ex^tlined ^la ' . 
. ~ j^eral way^. First, 14 contact and !24^Stxuni€^t 
, ^ mai^cuyejr^^ commop to aircraft an^ ^^imHlafOTS, 
/ ^^;^e r^ed for each of the three classes acco^ditvg , . 
' to . t^e. total nuni^r of practice rq5fitiiiofts> Table 

.S^tets.coefficieats of con<;ordan,ce coniputed^fOF 
. .cpnt^ct and insttrumeijts in both tffe aiicralTt ^d.*^ , 

Vh?^sitnaIat<Jr,/fh6 e^ival'ent average Sp^aSinan 
\ranlc'/^offel^fions are also shownC /Ag^reemerits.; ^ 



* TiiUe.5> ^.^Ceffid^ts cf Concoxdance 



among the thi^e classes for instrument maneuvers 
were .significant for b<5th the simulator aad^the 
aircraft \^1th p'^.OOl, agreements for cohtac-tj 
jiteneuvers were also both significant with^ < .O^f. 
These a^eements among the three classes on^'lHe' 
anjqunts of practice required in the sim'irJajor and '\ 
.airptaft per maneuver, .indicate consi^ency m 
Utilization of the T-4G and T-4 by a variety of IPs 
:* and students. 



\ 



•'•<■ 





» . Type of Training 




ins^ments 


Cdrttitt' 


'Aircraft 
Simulator 


W=83*Cs=.74'') 
W=.90(^s=.86) ; - 


w^^.8j(fs=:ri) 

•W=.80.^s=.7p) 



/ - 



\ 



^Kendall coefficients of concordance as illos^ted^ by Skgd (195^)^/. / 
^Equivalent avcri|e Spcarnun rank.con^tion^ prcse'ntctf in parentheses. 



\ , Table 6 ptqyideV a. surmtiary of all maneuver 
trials recordeS^ ^e note at bottom of Table $X 
"^during the, contact flight traihing phase of thV 
T4G l^t^y'iThe maneuvers are listed in bcdecof 
"^l^ triak. attempted. -Also included ar^r'^^^r-* 
"centage of total triak attempted in the X-4(i^ 
* "pSrCentage of ^vWj .trials scored as faHing^^ahd 
jpercentage of T-i7 trials scored as failing; V/ith ' 
some qualificatfom, the percentage of totaf l^rfel^ 
^recorded in th^ 7-4G'reflecits the ability oF the 
:simulator to'^^j^ total training' reqiiiremerfts as 



. weB ^ Its iijtrtosic capabflity as a training device. 
TotaT training ttitiuirements mclude the followdng 
in additigg^o^raiAing to impart .flying skili. 1^)^^ 
overtrainirig^^^pme maneuvers because oj. their 

^m^artance w safety, .(b) extra practice of some 
pianeuvers because they are always performed in 
ironnection ^vith or as a part of other maneuver, 

'and (c)^ training for continuity (that is, continued 
praa^ic^of a maneuver after proficiency has been 

• achieved to maintain satisfactory performance). , 



Table 6. Suminaw of Trials on Contact Maneuvers^ 



























TRIALS 








.'trials 


BAILED 








T- 


4G • 


T-37 




T-46 


T-37 


* 

I 


Total 




Total 


Sum 


Number j- ' ^ X , 


Nunter 1 
^ 1 


X 








(c) 






(f) 


(9) 


(h) 










40 






277 


49 


333 


39 


2 LEVEL Ofr 


570 




49 


603. 


1173 




A n 

49 , 


105 


17 


3 TAKE OFF*> ^ 


538 




47 


608- 


1346 


241 


45 


' 95 


16 


A ITT MAI ADDDflAru 






77 


907 


AQQ 


348 


50 


Of 










53 


0 lo 


C7A 


185 


52 


90 


28 


6 GO-AROUND j 


233 




39 


359 


592 


101 


43 


128 




7 TECH ORDER CL^ 


224 




40 


. 340 


564 


102 


45 


44 


0 13 


Q Lcuri tiidmD 


AT 7 
Hi / 




81 


1 uu 


R17 


201 


48 


11 


n 


a TDC LAUniMC 
7 lrd» LMnUirta 






38 






63 


'39 


36 


1>1 
14 


10 TPS. NOSE LOW 


196 




48 


212 


408 


108. 


55 


78 


37 


11 TPS, PITCH OUT 


199 




49 


205 


404 


109 


55 


68 


33 


12 TPS, NOS^HIGH. 


: 178 




49 


185 


363 


77 


43 


^ 56 


30 - 


13 STRAIGHyS LVL'^ 


258 




71 


103 


361 


114 


44 


2 


9 


14 SLOW FLfGHT 


195 




55 


157 


35^ 


90 


46 


22 


14 


SUH 


4785 






4520 


9305- 


2296 




1155 


4 


PERCENTAGE 


• 51 






49 






48 




26 


X. RANGE 


38^81 






19-62 ^ 




J 


39-55 




2-42 













MANEUVERS 








rrtWCTAlTT A/c rvf-b 
-•tUNolAfll A/0 UC. 


* 








253 


- 115*' 


45 
















223 


. 96 


43 








* 47fi" 

H/ 0 








476 


211 


• 44 




— 


• 

f 

•-rMllcKfl, UVtKnU 








T.07 rm\ V 
1 -J/ unLi 


MANEUVERS 












7R9 


752 






385 




—PATTERN, CLOSED 








375 


375 


4 




117 


31 


—PATTERN,. One eng 








311 * 


311 






119 


-jp 
00 


•-LnnUinUi Vnt cnO 










250 






^ 58 


23 


-•Uilrt KttUYtKi 








1R7 
10/ 


187 






43 


23 


-INV RECOVERY 


— 






176 


176 






18 


10 


--VbKI KbtUYtKT 










169 




•» 


52 • 


30 


—ST PWR STALL 








160 


160 






80 


50 


—TURN PWR STALL 






\ 


138 


138 






62 


45 


-^-SPIN 








123 . 


123 ^ 






45 


37 


—SPIN PREVENT 








121 


121 






29 


. 


-APRCH, NO FUP ' 








29 


29 






16' 


55 


-LNOG, NO FLAP , 








22 


22 






12 


55 


SUM/AV X 








2813 


2813 






1036 


"37 























NOTE.— Definitions: TPS«Traff1c Pattern Stall; CL-C11i6; LVL-Level; 
A/S-Airspeed; Dc-D^ent; INV-Inverted;.?ert«Vert1cal; ST«Stra1ght; and LN06«Land1ng 
Letters In parenthesis Identify columns for reference In text. *Data reflect all 
trials recorded: T-46 data Is complete but T-37 data Is based on data cards frt» ' 
SOX of total sorties. ^Contact maneuvers In which slnwltaneous Instruwnt-contact 
references were taught when teaching con^oslte crosscheck. 



if, 



Coluftin (c) of Tabled provides tlie percentage 
of the total trials completed in the T-4G and 
shows the effect of limited peripheral cues, e.g., all 
maneuvers in ^hich these dies aje^ imgortant 
required proportionally more practice in the 
aircraft. Using these percentages, the contact 
maneuvers appear' to fall in three groups' as 
follows: (a) leyJPlurns, final approaches, straight 
and level, slow flight and steep turn^ (53% to 

.81%); (b) level offs, traffic patte^j stalls, pitchout, 
nose low and nose high, and takeoffs (47%^-49%); 
and (c) landings, tech order cliipbs„go-a1rounds and 
landing' traffic pattern stalls '(38%-40%). These 
data support, the requirement for* additional 
peripheral cuing in simulatoi^ if more contact 
training is to be achieved. There are some reversals, 
but these are believed explained by the comments 

.made earlier cpncerning total trainmg require- 
ments. 

Columns (b) and (d) of T^ble 6 show the total 
trials on each maneuver b> training device. A 
Spearman correlation coefilcient (Siegel, 1956) 
was computed for these 'data to estimate the 
degree to which the rankings in these two columns 
agree. The obtained estimate, ^s= .37, is consider- 
ably lower than agreement of, the three classes 
within •the simulator'or aircraft. This correlation 
suggests that emphasis given to the various 
maneuvers was not the same in the aircraft and the 
simulator. The difference may be attributed to 
either or both of two factors' the simulator was 
different from the aircraft and/or learning which 
occurred in the simulator differentially altered 4he 
amount of training required in the aircraft. The 
truth is ^probably a combination of these two 
factors. , The fact that learning occurred in the 
simulator is evidenced by the flying hour 'savings 
realized, but more learning occurred on some 
maneuvers than on others'. 

Because repetition data for some maheuvehs are 
inflated b> total training requirements, analyst" of 
total repetitions does not reveal training ^ects of 
the simulators' characteristics per se.' Ho^^lever, 
analysK^ of failing repetitions^ alone (rather than 
total repetitions), provides reVealit^g. fnformation. 
Faih'ng repetitions by themselves refl(?et^nly the 
students* progress since training requirements for 
continuity, as part af other man^efs, and for 
maneuver importance are usually not failed. Thus', 
training, which is performed for reasons other than 
the student's rate of achieving flying skill, is 
eliminated and the effect of equipment 
characteristics on student progress can be seen 
more clearty* (IP emphasis is probably not 



eliminated sjnce IPs tend to be ^re demanding 
when they consider a maneuver impaH2ftTr.)1t may 
be assumed that the more frequently a maneuver is 
fa4led, the more slowly consistent , proficient 
performance is attained. , • 

D.ata in Table 6 show the percent of practice 
trials failed for boWi simulator (column g) and 
aircraft (column i). An average of 48% of all T4G 
trials were failed as compared with 26% in the 
aircraft. The higher percentage of trial failures in 
tHe T4G is probably due to the sequengMjj^ 
^instruction wherein learning began in the simujHp 
and continued until criterion .performance^^was 
reached. When thiese same maneuvers were then 
practiced in the aircraft they were already^ 
understood and, in some* -cases, mastered. 
Contributing factors can ^so be speculated. For 
example, the mstructor pilots indicated the T4G 
was somewhat more difficult to fly than the air- 
craft. .Also, failing scores could be recorded in the 
simulator wi^thout supporting admmistrative paper 
work (.ue., pink slips) as required in the aircraft. 
In any event, the reduction in failure rate appears 
to reflect learning iij the simulator, since the aver- 
age failure rate for non-T-4G maneuvers was 37% 
as compared wjth 26% for T-4G/T-37 maneuvers. 

The percent of failed trials for T-4G maneuvers 
ranges from 39 to 55,% (Table 6, column (g)); the 
range for aircraft trials on the same maneuvers is 2 
to 42% (column (i)). An inspection of this 2 to 
4 2% range x^veals two -distinct dis.lributions, 
neither of which include the mean; their ranges are 
2 to 17% and 28 to 42%. Identification of the 
specific mar>euvers irtcluded in each of these ranges 
reveals that, with one exception (maneuver 5, 
steep turns), all the maneuvers in which 
simultaneous instruments an^ contact training was 
.used' fall into the low aircraft enor^^oup 
(02-17%). While these maneuvers ar^^^bably 
easier to learn than those in the higher error range 
group, the size of the differences seems to support 
the efficacy of early instrument training. 

Table 7 prgyides a summary of all maneuvers 
trials recorded during the instrument training 
phase of the T4G. study. Again, the maneuvers 
(column (a)) are listed in order of total trials 
attempted (column (e)). Trials for botlrT-4G and 
* T4 trainers, were combined since for purpose of 
■instrument training the trainers are considered 
equivalent. 

' In Table 7 the difference between the percent . 
of maneuver trials practiced iri the trainers and thp 
aircraft (67% versus 33%, respectively) ^^ind the 



* Table Z Sumi^jy ofTrials on Instrument Maneuvers^ 



h^EUVER 


TRIALS PRACTICED 


* 




TRIALS FAILED 


if 


T-4G 


• T.37 




T-4G 


T-37 


4 


1 


— ?■ 


Total 


Sum 




M 


NumbeFy X 








10; 


(e) 




19/ 


W 


(1) 


1 LEVEL OFF 


764 


■ 74 . 


274 


1038 


215 


28 


oc 
^0 


U7 . 


2 TURN TO HEAD 






344 


923 


Qfi 
70 


1 7 


00 
0£ 


flQ 
U7 


3 UNUSUAL An 




0/ 


fcO/ 


813 


1 00 


Ch 


^c 

*xo 


lU 


4 CHANGE A/S 


'con 


74 

/4 


CMC 


792 


111 
Ih4 


OA 


10 


05 


5 STEEP TURN 


429 


CO 

bo 


0 1 b 


744 




cO 


36 


^ 11 


6 CONSTANT A/S CL 


410 


73 


151 


561 


95 


23 


14 


no - 


7 TAKEOFF 


3o4 


70 

73 


135 


, 499 


oc 

30 




o 
0 


AC 

, Oo 


8 TECH ORDER CL 


314 


f O 

00 


l4o 


462 


Oft 

oU 


Co 


14 


. oy 


9 VERTICAL S-A 


311 


o9 


l3o 


449 


1 oo 
133 


40 


15 


11 


10 VERTICAL S-D 


Zoo 


70 


1 4r 


429 


n c 
1 1 b 


Af\ 

hU 


16 


11 


11 VOR HIS APRCH 


230 


54 


197 


427 


118 


51' 


• 31 


lo 


12 STRAIGHT & LVL 


327 


.81 


. 78 


405 


cc 

bo 


1 / 


1 • 


01 • 


13 RADAR FINAL. 


2o9 


DO 


\c^ 


393 


1 CO 

Ibo. 


CO 

by * 


17 


14 


14 VOR INTCPT, OUT 


23] 


59 


lol 


392 


hC 


1 D 

lo 


12 


07^ 


15 CONSTANT A/S Dc 


254, 


66 




385 • 


47 


19 


* lo 




16 RMl IN8ND 


246 


65 


132 


378 


61 -.va 


- OC 

; * 2b 


10 


08 


17 VOR PNTRATH 


212 


60 


1 on 

139 


351 


122 


^ CO 

bo 


28 


20 


/1 8 VOR LOW APRCH 


211 


61 


1 07 




117 


55 


26 


19 


19 VOR HOLDING 


209 


60 


137 


346 


79 


38 


20 


15 


20 VOR ^INTCPT, IN 


187 


59 


131 


318 


44 

• 


24 


, 15 


11 


21 RHI OUTBND 


125 


66 


65 


. 190 


39 


31 


8 


^ 12 


22 RATE DSCNT 


100 


60 




168 


36 


36 


9 


13 


. 23 VERTICAL S-B 


69 


68 


53 


102 


34 


49 


^ 5 


15 


24 VERTiaL S-C 


41 


79 


11 


52 


17 


41 


3 


27 


SUM 


7306 




3659 


10965 


2178 




' 395\ 




- -PERCENTAGE 


67 




33 






30 




"Ml 


% RANGE 


54-81 




19-46 






17-59 ' 




01-27 



T-4G ONLY MANEUVERS 



• 

—RADAR MISS APRCH 


201 






201 


106 


53 




-IFR LNDG 


65 






65 


' 17 


26 





T«37 ONLY MANEUVERS 



-'-WINGOVER 






174 


174 




I' _ 


25 


14 


-AILRN ROLL 






172 


172 






15 


09 




7572 




4005 


11577 


2301 




435 


n 


PERCENT 


65 




\ 35 






30 . 





' NOTE* — (H-21) Definitions: A/S-A1rspe«d; CL«C11«b; Dc-Decent- Letters In parenthesis 
Identify columns for reference Irv te^ct* *DaU reflect all trials recorded; T.4G data Is 
coinplete but T-37 data Is based on'SOX of toul sorties.' 



relatively low failure rate for aire raft inals (1 1,%) 
reflects the effectiveness of ground devices in 
achieving instrument flight training objectives. In 
addition, a Spearman correlation coefficient to 
determine the agreement betwjeen columns f and h 
Cs- .73) IS much higher than for contact training 
and approaches ;hat of the three classes within the 
simulator or aircraft. 

Inspection of the errors recorded by type of 
maneuver provides additional insight into training 
emphasis. For example, the' instrument maneuvers 
may be grouped into three general categories. 
These are. (a) basic airwork, (b) mor^ complex 
vertical S maneuvers, and (c) radio and radar 
navigation and approach maneuvers. Summation 
of the failed trials by this categorization reveals 
jhe followmg percentage of total trials failed by 
device (columns g and i) (a) 23?c versus 97c, (b) 
42% versus \2?c, aod (c> 40% , versus 147c, 
respectively, for trainers versus aiiSraft. These 
comparisons indicate that, as a. result ^ practice ^ 
on simOar type contact maneuvers, basic instru- 
ment maneuvers ivere learned to a high level m 
ground trainers and few errors were made in the 
aircraft- However, category (b) and (c) maneuvers 
were learned to a lesser level in the trainer with a 
resultant increa$e*in failing aircraft tnals. Smce _ 
there is no reason to reason to suspect trainer 
fidelity is any less'iri raSio work than basic air* 
vtork. these data indicate that more time spent in 
the trainer on radio navigation, low approaches 
and vertical Ss might have resulted in improved 
transfer of training. 

'A comparison between the percentage of total 
trials by device in contact- (Table 6) and instru- 
ment training (Table 7) leads to a similar 
conclusion with respect to utilization of trainefr 
time. These data'indicate that if training time on * 
contact maneuvers had been c^oiitinjied until 
higher criteria and less variabflity m perfortnance 
had beten achieved (such as the 67.33 ratio of 
Irainer to aircraft tnals reporte.d in mstrument 
training), more efficient transfer would have been 
achieved in contact training. 

Additional support for the suggestion that more 
practice in ground- trainers would be expected to 
decrease requirement for aircraft training is 
provided by -examining the average number of 
practice trials per maneuver by device. Data from 
Table 7 indicate that fur instrument maneuvers 
practiced in both simuhitors and aircraft, 304 trials 
were used in the simulators and 15.3 trials in the 
aircraft. Similar data from Table 6 for contact 
maneuvers show 343 trials for the simulators and 



232, trials for the aircraft. However for maneuvers' 
reported in Table (f pracQced onl^ in aircraft, the 
figure is 251 trials. From 'these figures, it appears 
logical that if a ratio between total simulator and 
aircraft trials of 2.1 had been achieved in contact 
training (as in the instrument phrase, i.e., 304. 153) 
the average errors per maneuver could have been 
reduced from the 323 achieved to som^ figure less 
than that achieved for aircraft only maneuvers 
(251) and perhaps close to the 153 trials per 
maneuver reported in the mstrument phase. 



VI. DISCUSSION 

Visual System 

A specific objective of this project was to 
* evaluate the effectiveness of the electronic per- 
spective transformation (EPT) visual system in 
UPT contact flight trammg. The film portion of 
the EPT did not prc^e effective within the context 
of UPT_as defined for this study. Data obtained in 
. this project indicate Jkat beginning students did 
learn to perform straigPt-m landings, takeoffs, and 
touch and gh landiiis, three of the first four 
students trained weri able to land the aircraft 
successfully on the first try. However, no savings 
were demonstrated in landings or takeoffs (Table 
6). These data suggest that flying the 360° over- 
head p^;^n (excluding landings and t^keo^s) is 
at least'as difficult as learning, to land the aircraft 
and that potential savings were masked by the 
relatively high amount of T*37 time required to 
leafn the pattern, (Intuitively; we believe that even 
if such a data b^ had been available, a relatively 
low transfer would have been obtained since the 
essential cues for precise contact traffic pattern 
flying do not occur in the forward field-ofWiew.) 

The horizon scene proved to be effective in 
teaching basic air worj^ and is responsible for most 
of the hourly saving Reported in contactHraining. 
The utility ^f this visual scene was limited by its 
field-of-view since only maneuvers in which the 
horizon was visible could be practiced: for 
example, complete stalls could not be practiced 
since no peripheral cues (directional or wings level 
references) were available in the visual display, and 
at the highest pitch position the horizon ^dis- 
appeared from the forward view. 

The capability to enrich instrument training by 
providing reduced ceilings and/or visibilities at the 
end of an instrument approach could not be 
evaluated since low approach breakouts are not 
performed in T-37 aircraft by pilot trainees. 



Subjectively, it was the opinion 6f the IPs, the 
project supervisors, and numerous visitors that tl^is 
capability provided a realistic scene of great 
training potential. 

Motion ^ 

Coniparisoh of sfudent performance during 
instrument training, as presented in Table 4, shows 
that 5s using the T-4G saved two aircraft hours 
more than those using the T4 (10.1 hours versus 
8.1 hours: not statistically significant). This 
suggests that motion cueing of the level provided 
by the TUG (a relatively limited s>^tem) was not a 
significant fact^dr m increasmg instrument training 
tran^ifer. The possible contribution of motion to' 
transfer of contact training was not addressed. 
(However, an IP in the. first study reported that 
when a student's performance on final approaches 
was below a previously learned level and it was 
learned the motion system had been inadvertently 
left off; when it was activated his performance^^ 
rapidly irpproved to the previous level.) Mot ion 
sickness in simulators sometimes^ Dccurs when 
visual cues depicting, apparent ^motion are 
presented without normally expected motion cue^ 
(Puing„1970). Since no sickness by IPs or students 
occurred, the presence of 'motion* may have been 
beneficial in contact training. 

Instrument Training 

Two questions were ofjnterest relative to the 
use of the T4G in instrument training. (I) could 
T-37 aircraft hours be saved t^ B^ gh use of the 
T4G; and (2) could quality of ofe UPT graduate, 
be increased. Results of this study indicate th^t 
the T4G and its associated revised training 
package can be used to save 'aircraft hours. 
Obviously, were the "saved"* hours applied to 
further training, quality would be improved; e.g.,, 
practice on hew problems such as strange field 
approaches and low minimum approaches would 
provide a more polished inptit toT-38 training. 

Training Package 

Evaluation of the T4G provided an opportu- 
nity to incorporate into a total training parage 
many training methods known tq be of valu5*.in 
increasing training efficiency, and the results were 
very effective. However, of even more practical 
significance were results- obtained using students 
from classes 73-09 'and 74-03 in wKich similar 
savings were achieved using the same training 
methodologies with existing Urf T4 instrument 



trainers. From these data, it is apparent that the 
^basis for having achieved significant savings in 
instruments was the training package and that 
similar savings could be expected with any device 
posse<?sing fidelity equal to that of the 15-year-old' 
T4. 

Administrative Problems 

While tlie results of this project were highly 
successful, its conduct was not without pTobl€ms 
IP manning was one of these. We consfdered it 
necessary to use an IP/5 ratio of 1 : 1 in this study^. 
The 'usual IP/student ratio is about 1:3. Jf the 
program used in this study is to be implemented 
operationally, minning may be a problem. Current 
experience has shown that T4G type training can 
be integrated into the UPT syllabus with less than 
a 1.1 IP/student ratio, However, it has also shown 
that ratios larger than those commonly used are 
required. 

/ ' Determin'ation of student clasyyStanding is 
another administrative proble^n/^ ^incA to a grear 
^ extent, class standing determines wh^ gets first 
choice of assignments," students are concerned 
about how/it is derived. When progression on a 
. proficiency^ basis is incorporated in a training 
program,, the student who reaches criterion 4||t 
(as indicated by a passing checkride* score) wui 
always wonder what he could have achieved had 
he flown more' time. In this study, a mathematical 
scheme based on aircraft hours saved, was used id 
reward students who completed training ,in 
reduce^ hour^ (Cyrus & Woodruff, 1974). Table 8 
provides a summary raw and revised check 
scores received by subjects in this. study. This 
controversial issue would have to be addressed in 
an operational program using proficiency 
advancement. 

It ha^ been suggested that the blocked training 
concept used in this study migl^t be impractical at 
a bad weather, base. While some problems did 
occur because of rigid adherence to the study 
schedule, it is believed this problem can, be 
circumvented through a combined use ^of more 
blocks, less rigidity and administrative authority 
to provide flexibility in student entry and exit 
dates. 

. There is also the problem of indoctrinating an 
inexperienced instructor into a program which 
requires use of judgment as to when a student 
• should p^gress. The buddy-IP system (used in the 
latter phases of this project) proved effective in 
'reducing this problem. 
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Table 8. Coniparisoirof Experimental and Control Group 
Average Check Scores ' 







Contact — Midphase 






Instruments 


— Final ^ ^ 


* 

Class 
Number 


Control 
^ Group 


Experimental 


Control 
Group 




Experimental 


Raw 


Revised^ 


Raw 


NRevised^ 


73'06 
7309 
7403 • 


76.1 
76.1 - 
77.9 


77:7 
' 74.7 

77.6 ; 


78.r 
75.4 

78.0 


87.1 
84.9 
88.2 . 


84.2 
84.5 
87.8 


, ■ ■ 87 1 
■ ■ 85.^ 
89^) 


^Revised 


maccordance 


With technique reported 


in AFHRL.TR.74-91 


in press. 
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SUMAIARV AND CONCLUSIONS 



The objective of this stud.} ^'^as to determine if 
the use uf T-4G technglogv (using a 1-37 
' bunuidtur incorporating a film base visual s>steni 
and a two DOF motion system-device A/F37A- 
T4G) in UPT would result increased training 
(rfricienc> A revised syllabub and a special treat- 
ment' incorporating suitable training method* 
ologies were deveJoped. Three samples of 
beginning UPT students were trained using Ihc 
revised program and their performance was 
compared with the remainder of tlieir UPT classes 
'using the conventional syllabus. 

Combined results from the three classes 
involved demonstrated that T-4 methodology- 
resulted m T-37 flving hours savings of an average 
of three hours per student in basic contact, and an 
^verage of 10.1 hours per student in instrument 
training. 

■ As a result these findings (obtained witli the 
first of tlie three classes involved), it was decided 
to al^o invesugate to what e.<tent similar savings 
Could be achieved in the instrument phase using 
the ncwl> developed training program with 
conventional T^ instrum^t traineu^. An average - 
savings of 8.1 hours of "^^37 instrument train 
was achieved.^ 

The most significant of the above findings is 
that ' a^lication of the revised trainkig proeram* 
v^ith existing equipm.ent can achieve an average 
savings of eight T-37 aircraft hours per student. 
Whether or not , these hours are eHn^inated to 
reduce LObt> arrd conserve energy or used to teach 
otlier training objectives, thereby turning out a 
better product to using commands, is a7):[erogative 
uf ATC and Air Force management. Howev;er, the 
implication is clear, a more efficient traming 
program using »existing equipment is possible, only 
administrative action to implement the changes is 
required. * , * . 
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With resp'ect to evaluation of the T-4G visual 
system: it is concluded that a production model of - 
such a \/suaI system could be used on a modest or 
better t*id(;ht> simulator to achieve savings of three 
to four aircraft hours in early contact fliglit 
training in UPT. A determination as to whether 
these projected savings Viiiould jusnfy procurement 
of such devices command-wide would require a , 
detailed cost comparison? • 

- The use of this *type visual systent to enhance 
instrument training can only be* addressed 
subjectively, since constraints in UPT did not ^ 
permit quantative evaluation ijp this role. 
Subjectively, people who have flown, or ob serve d,^ 
the devic*e agree that the capability to pr&vide 
realistic bad weather instrument ap*proach 
breakouts does exist and could provide significant 
training value.. A* ' ' ^ 

I 

VIIL LNtPLICATIONS 

/ 

[|he implications oj^ these study results are: 

Significant increases in instrument traiijing 
effidiency in UPT^'if be achieved in the current 
pro-am ,b> incorporating the revised syllabus and 
training methodt^gies developed in thTs project. 
The{ re^tant sa^Vrgs could be converted to dollar 
and/or energy Seduction, or training in other 
learrnn^dojtfctives to improve the product. 

i. -The majpf^ thrust of the findings of this 
study concerns syllabus revision and revised 
instructional strategies fSr which additional 
research is not' required to justify adoption. 
SJfmlar actions Should be initiated to revise the 
T-26 instrunferti training phase of T-SS UPT^ 
training and to review any other USAF in'strument 
training program which has evolved over the, years 
and not tlirougli modern instructional system 
development (ISD) ^f^orts. The potential for cost 
•savings in such piV)grams (where the cost 
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differential between aircraft and sinuilator is much 
larger than in TO? aircyift) is significantly higlier.^ 

3* All instrument and procedures training 
t^rograius developed using ISD teclini(]^ies should 
^ be rcviesved/jo^insure niaxiyiuni use of training 
^st/ategies^ demonstrated in this project. 

4. Planniog for procurement of new ground 
training devices, incorporating visual systems 
shciiild include an extensive examin^ition of the 
o/training*objectives expected to be assigned to the 



visual system before system definition^ is 
co4iipleted. in these efforts, utility in training 
should be the overruling considerataon. 

5. The electronic perspective transformation 
(Ll^) visual system as it currently exists has B'ecn 
demonstrate'd to have practical value in landings 
and takcoffs. Consideration should be given to 
developing additional capabilities which would 
permit teaching tlie. remainder of the traffic 
pattern. 
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APPHI^DIXA. A/E37A-T4G DESCRIPTION ^ ^ ' , 

The T-4G is an updated ME-I trainer modified to accommodate a Singer SPD Electronic Perspective 
Transformation (EFT) visual system. The ME-1 itself is essentially a'T4 instrument trainer mount^?d on a 
two degree-of -freedom motion base. Figure A 1 is an artist's concept of the T-4G. 
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Figure A L Artist's concept of the T-4G. 



, FoOowing is a list of the major simulator components: 

Modern Microelectronic Computer 
T-4 Cockpit , 

Two DOF Motion - ' r . > 

EFT Visual .System 
External Operator Station 

Internal Instructor Station * ' v* ' |^ 

The mq^on system moves ± 5.5° pitch, i 8.5° in bank, and vertically +6"' and -4' . The visual 
display field of view in 44° x 28°, and the image is provided in full color at infinity. Image ge ne rati on for 
the visual display is obtained from two^sources: color movie film, and an electronically^igenerj ted horizon 
display. An ^^pproach, landing, and takeoff movie sequence filmed at Williams AFB projected on the visual 
display tracks student pilot control inputs. Changes in aircraft speed are achieved by changes ii film speed, 
verticarafid lateral deviations from the path of the film are produced by the EPT system. Tlje EPT visual 
system Divides, normal straight-in approached from four miles out, no flap and simulated^ingle engine 
configuijnons; touchdown, landing roll ; and takeoff to 500' AGL. 
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The electronically-produced visual scene showing a horizon defined by blue sky and a cloud deck is 
provided for airwork, horiz6ntal translation is not provided. Display image motion capabUit^of 360*^ 
continuous motion in pitch, roll, or heading permits acrobatic practice in the simulator, l\Qwever, thf 
limited motion cu§s and field of view detract from realism. 

In addition to motion and visual cucs,^ tlic T-4G includes a co/ipl^e nav/comm system and the 
capabflity to.produce aural cues such as wind, engine sound, landinc^ear warning, system operations, etc. 

Aids for instruction included at both operatoi^nd instructpe^tation are the capabOity to freezeMhe 
simulator during a mission, and to reset to a preselected^ptJsitKnfwithin a matter* of seconds. 
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APPl-NDIXB. T-4G/T-4/T-57 DEMONSTRAirONS 



Table BI. Summaty of Hours Used or Saved/Device/Student in 
Three T-4G/T-4/T-37 Demonstrations 



DEVICE 



HOURS 



CONTACT AIRWORK 



T-4G 



T-37 



USED 



USED 



T-37 



SAVED 



INSTRUMENTS 



T-4G 



T-37 



USED 



USED 



T-37 



V 



SAVEi;) 



,T-4 



T-37 



USED USED 



T-37 



SAVED 



o 



SI 
S2 
S3 
S4 
S5 
S6 



M 



17.3 
15.0 
17.3 
17.*3 

17.3 
17-. 3 



25.5 
21.7 
22.7 
22.3 
25.1 
22.2 



101.5 
1&.9' 



139.5 
23.2 

(27. 2r 



1.7 

4.5 
4.9 
2.1 
5.0 



10.4 
13.7 
14.5 
17.5 
16.2 
17.0 



6.9 
9.7 
11.4 
12.1 
11.5 
6.7 



13.9 
11.1 
9.4 
8.7 
9.3 
14.1 



1Z_ 



23.7 
3.9 



89.3 
14.9 



58.3 
9.7 



66.5 
11.1 



(27.0) (20.8) 



SI 
S2 
S3' 
^ S4 
^ S5 
^ S6 
3 S7 



12.8 
12.8 
11.4 
12.1 
12.1 
12.1 
9.3 



23.7 
21.5 
31.1 
24.4 
2.9.0 
23.8 
23.3 



6.-7 
8.9 
-.7 
6.0 
1.4 
6.6 
7-.1 



/l5.,8A 
^ 16.6^ 
17.9^ 
16-. 6 



10.9 
10.1 
12.9 
11.7 



9.9 
10.7 
7.9 
9.1 



•23.-7 
17.0 
17.5 



13.2 
14.5 
10.7 



7.6 
6.3 
10.1. 



82.6 
11.8 



176.8 
25.3 
(30.4) 



36.0 
5.1 

/ 



66.9 
16.7 



45.6 
11.4 



37.6 
9.4 



58.2 
19.4 
(27.0) 



38.4 
12.8 
(20.8) 



24.0 
-8.0 



SI 

,S2 
•S3 
CO 54 
I S5. 

^ S7 
H SB 



12.8 
12.8 
12.8 
12.8 
12.8 
12.8 
13.5 
12.8 



24.6 
25.5 
25.7 
27.9 
25.5 
31.8 
27.6 
27.2 



2.7 
1.8 
1.6 
-.6 
1.8 
-4.5 
-.3 
.1 



21.6 
22.9 
22.0 
22.5 



15.1- 
13. ^ 
7.2 
11.4 



5.9 
7.4 
13.8 
9.6 



ao.o 

20.8 
22,5 
22.5 



13.4 
13.6 
11.5 
12.8 



7.6 
7.4' 
9.5 
8. -2 



M 



103.1 
12.9 



215.8 
27.0 
(27.3) 



2.6 
.3 



89.0 
22.2 



47.3 
11.8 



36.7 
9.2 



85.8 51.3 
21.4 12.8 
(27.0) (21.0) 



32.7 
r 8.2 



Pv M 



287. ^ 
13.7 



532.1 
25.3 



62\3 
3.0 



245.2 
17.5 



150.2 
10.8 



140.8 
10.1 



144.0 
" 20.6 



89.7 
12.8 



56.7 
8.1 



« HI 



2 



9.3 
13.5 



21.5 
31.8 



-4.5 
8.9 



/22^ 



6.7' 
15.1 



5.9 
14.1 



17.0 
23.7 



10.7 
14.5 



6.3 
10.1 



'(0.0) = Average hours used by non experimental students by class. 

• • 21 



is 



